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An analytical.study is beiny made to delermine the capabilities of
various parawing configurations for'executing safisfactory flared:landing
maneuvers, and to investigate the factors which int._ence this capabiiity,
This study was iri:iated because dcubt existed as to whethar a parawing
could periorm a flare 7rom trimmed glide conditions.at maxL/D, especially
at iow wing lcadings.
ror this stL!y, a cone-shaped capsule having a weight of 5000 >ounds
is used for a payload. Cfuntrol is achiesed by varying the position of
the payload with resp2ct to .ne wing. A time history of the motior

during the flare is obtzined by utilizinz three-degree-of-fireedsne equations

o7 motion and a high-speed digital computer.

SLICE NO, 1
The stat c aerodynamic chavacteristics of the wing used are shown as .
a funct.on of angle of attack., 7This data is for a wiag having rigid keel
and leading edge members and & conical shape uhen deployed. This wing had

2 basic sweép ongle of 45 degrees laid out flat, and a deplcyed sweep angle




of 55 degrzes. The aerodynamic data‘shOW' is pitching moment coefficient,
lift coefficient, and L/Q. ?hg pit;hing moment cuefficients are for the
‘three vertical paylea¢ pnsitions investigated; 1/2, 3/4, and 1 keel length
Selow the wing; For each of these vertical paylcad positions; you will
nnte that s stable pitching moment curve_exists. The maximum lilfi-coe’-
ficient is approximately 1.0; the maximum L/p is 4.7. The symbols on tle
CL and L/p curves incicate the trimmed glide condizions from wh'ch flares
were attempted, These trimned glide coﬁdipi;ns are for Vift cozfficiants
of .2, .3 and .45, Tbé .45 condition is where the maximum L/D occurrs.

For all mctions encountered during the flare ‘attempts, the 1ift coefficient

was never alloied to axceed a value of 2.
SLIDE NJ. 2

From cach trimmed ylide contion, flares were attempted as follows:
At some pcsition along the flight path, indicated here by the arrow, Lhe
control movement for the flare washbegun. The contro: movewent used was
a single shift of the payload fongitudinally, made at a constant rate. As
sho@n oy the solid and QOtted lines, respectively, a maxfmum and & minimum
control rate wesre deter&ined wihich would give a satisfactory flare without
exceeding the £ limit of .8, A flare initiated beiow the altitude used
for the maxinum contiol rate canrot, of cou;se, be completed Before ground
contact, Flares initiated above the altitude used for the minimum control
“rate can be satisfactoriiy zompleted, hut the completion wili occur somewhere
above ground level, The altitude range between these two limits is the range
availabie to the pilet during which he must decide when he is at the proper
2ltitude and begin ki, contrcl movement. The pilcts' decision time will be

a function of this altitude range ar4 the rate of deszent.
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SLIDE NO, 3

The sititude used Juiing the flare is-presented as a function of -wing
l}oading and “rimmed giide lift ;ééffisie:t. A wing loading range bf 3 to
- 20 pounds per squafe foot wys favestigaved., The maximum.L/D and the C
limit ave listed. Again, the sG.id l.nexz are for the“max?mUm control rare,
and the dotted lines :re for the minimum control rare. For this parficuiar
wing, it was found that a satisfactory Flaré manauver coul& be ohtained from
all combinations ofkﬁing loadings, vertical payload positions, *~d trinmed -
glide 1ift coefficients investigated, Larger ﬁilot decision tiwes come with
the higher wing loadings and lower Ci's. At tte same time, flares ﬁade in
this regiorn must be initiated a2t relatively bigh altitudes, whizh may become
difficult 7or the pilet to judge a.curately. Coniitions with lov wing
loadings and higker C;'s can be flared from altitudes which are cleser to
the ground 2ad which are therefore easier for tﬁe pilot to judge, but the
decisior time is greatly reduced. The decision times encountered herein
varizd from 6 seconds to | second. The time from the flare initiation to
the flare completion at touch-down varied from 2 seconds (for _____3{3725) to.
z1 seconds (==== E{éfg?. G-1nads encountered by the pilots are normally le:i¢
than 1 1/2-g's, Alt was found that al]lthe flares shown here were made withovt
exczeding this vaiue, so the g=-load: ancountered are well witinin the range of

thz pilot's present experience,
SLIDE NG. A

The rates of descent for the trimmed glid: conditions used are presented
as a function of wing loading and trimmed glice C,. These retas of descent
are compared wit! the rites prusently encountered by pilots. The first

dotted line is at 10 feet per =ucond, a rate normally used by aircraft
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making an IFR type landing. The.next dotted line, at 40 feet per second,i
repregents the rates encountered b: helicopter piiots haking autos-rotative
landings. The last dotted iine, at 50 feet per second, indicaFes a descent:
raté encountercs when a T-28 «irplane was modified for low L/D landings.
(NASA Memo 3-12-59L). The X-15 (NASA TM-X-I95)~has a descent ra.e of 120
- feet per.second, but it also has a wing loading of 66, so "t canno* be
directly compared with the parawing values shown, The rates of descent for .
the parawing cunfiguration are therefore witﬁin the range of present pilot
experiénce. However, the nilots are nct used to encountering these rates at
the relat.vely low winyg loaaings shown here.

The landing flare parameters just presen;ed have been dis:ussed with
: several Langley pilots, 1t is feit that addicional pilot experience %s
necessarv due to the relatively high descent rates and the small pilot decision
times associated with thke lower wing loadings. It shouid be mentioned that
one of the Langley pilots has recently made some flaredilandings in an aircraft
with an L/8 of 3 and @ wing loading of 11, The fla-e portion uf the landings
" “was accomplished successfully, but some difficulty was =ncountered in making
the touchedown at a predetermined spot on the runway.

Armong the factors which should receive additional study are the capab.lities
of different wing shapes, the effects of flex?biligy in the leading edge svicep
angle when no spreader bar is present, control rigging set-ups and their

corresponding power requirements; and pilot capabilities,



